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A stereoselective synthesis of the C1–C15 fragment of a G-actin binding natural macrodiolide, rhizopodin
was achieved using, as key steps, highly stereoselective acetate aldol reactions to build the C1–C7 frag-
ment, one pot oxazole synthesis and an asymmetric Keck allylation reaction to build the C8–C15 frag-
ment and finally, a Stille reaction to couple both the fragments.

� 2010 Elsevier Ltd. All rights reserved.
Rhizopodin (1) is a novel polyketide isolated from the myxobac-
terium Myxococcus stipitatus.1 Based on the crystal structure of
rhizopodin—G-actin complex, its structure was identified as a C2-
symmetric, 38-membered dilactone having 18 chiral centers, two
disubstituted oxazole rings, and two conjugated diene systems.2

Rhizopodin has been found to dramatically affect the cytoskeleton
of eukaryotic cells even at nanomolar concentrations, an ability
traced to its property of binding there by inhibiting the polymeri-
zation of actin.2,3 Unlike other dimeric macrolides with actin poly-
merization inhibitory activity like swinholides, misakinolide A, and
bisteonelide B, rhizopodin behaves as a bivalent inhibitor forming
a ternary complex with the two actin molecules.2 The challenging
structure of the molecule coupled with its unique biological activ-
ities prompted us to undertake its total synthesis. A stereoselective
synthesis of the C9–C23 fragment has been reported.4 In this Let-
ter, we report the stereoselective synthesis of the C1–C15 fragment
of the molecule.

The retrosynthetic analysis of rhizopodin (1) is outlined in
Scheme 1. A sequential esterification/macrolactonization or cyc-
lodimerization was contemplated to construct the macrocyclic
ring from the suitably protected monomeric hydroxyl acid 2.
We envisaged that the two halves of the monomer, the
C1–C15 unit 3 and the C16–C28 unit 4, could be combined by
ll rights reserved.

: +91 522 2623405/3938.
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a Nozaki–Hiyama–Kishi reaction5 to obtain the entire length of
C1–C28 of the monomer.

Schemes 2–4 outlines the synthesis of the first C1–C15 frag-
ment 3. The synthesis of vinyl stannane (Scheme 2) was started
with cinnamaldehyde dimethyl acetal 7 which was prepared
from trans-cinnamaldehyde following standard procedures.6 An
acetal aldol reaction of dimethyl-acetal 7 with (R)-N-acetyl-4-
isopropyl-1,3-thiozolidine-2-thione 8 according to the conditions
described by Urpi7 provided the aldol products in 91% yield in
4:1 diastereomeric ratio. The required, diastereomerically pure
product 9 could be easily separated through silica gel column
chromatography.8 Reductive cleavage of the chiral auxiliary using
DIBAL-H afforded aldehyde 10 in 92% yield, which was subjected
to an acetate aldol reaction with (S)-N-acetyl-4-isopropyl-1,3-thi-
ozolidine-2-thione 11 to afford the desired alcohol 12 in 84%
yield and 14:1 diastereomeric ratio.10 Removal of the chiral aux-
iliary using imidazole in MeOH afforded the methyl ester 13 in
92% yield.11 Protection of the hydroxy group of 13 using TBSOTf
and 2,6-lutidine afforded the TBS protected compound 14 in
96% yield. The cinnamyl moiety was transformed to vinylstann-
ane by oxidation of the olefin using OsO4 and NMO followed
by oxidative cleavage to afford the aldehyde 15 in 90% yield.
The resultant aldehyde was transformed to alkyne 17 using
Bestmann–Ohira reagent 16 in 72% yield.12 Hydrostannyllation
of alkyne with Pd(PPh3)2Cl2 and n-Bu3SnH afforded the E-vinylst-
annane 5 in 76% yield.13

For the preparation of the vinyl iodide–oxazole fragment 6
(Scheme 3), coupling of p-methoxybenzyloxyacetic acid 18 with
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Scheme 2. Synthesis of 5. Reagents and conditions: (i) TiCl4, i-Pr2NEt, CH2Cl2, �50 �C,
Sn(OTf)2, N-ethylpiperidine, CH2Cl2, �50 �C, 8 h, 84%; (iv) Imidazole , methanol, rt, 12
(8:1), rt, 4 h; (vii) NaIO4, THF: pH 7 buffer (1:1), 0 �C to rt, 0.5 h, 90% after two steps;
0 �C, 0.5 h, 76%.
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Scheme 1. Retrosynthetic analysis of rhizopodin (1).
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DL-serine methyl ester hydrochloride 19 using ethyl chloroformate
and N-methylmorpholine afforded the amide 20 in 74% yield.14 The
resultant amide was converted to the oxazole 21 in one pot
following the Wipf and Williams15 methodology with Deoxo-Fluor,
bromochloroform, and DBU to afford 21 in 70% yield. Reduction of
oxazole ester using DIBAL-H at �80 �C afforded the aldehyde 22 in
90% yield.16 Asymmetric allylation of aldehyde with (S)-BINOL,
Ti(OiPr)4, and allyl tributylstannane afforded the allylic alcohol
23 in 87% yield with 94% ee.17 Methylation of hydroxyl with NaH
and iodomethane in DMF afforded the methyl ether 24 in 83%
yield. Dihydroxylation of the double bond followed by oxidative
cleavage using sodium periodate furnished the aldehyde 25 in
84% yield. The aldehyde 25 was converted to dibromoalkene 26,
using TPP, CBr4, and triethylamine, which was next transformed
into alkynyl bromide 27 using NaHMDS.18 One pot hydrostannyla-
tion–iodination of 27 produced E-vinyl iodide 28 in 84% yield.19

Oxidative removal of PMB group with DDQ afforded the desired
C8–C15 fragment 6 in 94% yield.20

With the requisite C1–C7 and C8–C15 fragments in hand, their
coupling was undertaken next as shown in Scheme 4. This was
done using Stille coupling21 conditions in the presence of bis-
acetonitrile palladium(II) chloride complex in DMF to give the
desired E,E-diene 3 in 54% yield.22

In summary, we have achieved a highly stereoselective con-
vergent synthesis of the C1–C15 fragment of rhizopodin. Further
work toward the total synthesis of the molecule is currently in
progress.
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